Background: Recent studies report the safety and feasibility of performing delayed anastomosis (DA) in patients undergoing damage control laparotomy (DCL) for destructive colon injuries (DCIs). Despite accumulating experience in both civilian and military trauma, questions regarding how to best identify high-risk patients and minimize the number of anastomosisassociated complications remain. Our current practice is to perform a definitive closure of the colon during DCL, unless there is persistent acidosis, bowel wall edema, or evidence of intra-abdominal abscess. In this study, we evaluated the safety of this approach by comparing outcomes of patients with DCI who underwent definitive closure of the colon during DCL versus patients managed with colostomy with or without DCL. Methods: We performed a retrospective chart review of patients with penetrating DCI during 2003 to 2009. Severity of injury, surgical management, and clinical outcome were assessed. Results: Sixty patients with severe gunshot wounds and three patients with stab wounds were included in the analysis. DCL was required in 30 patients, all with gunshot wounds. Three patients died within the first 48 hours, three underwent colostomy, and 24 were managed with DA. Thirty-three patients were managed with standard laparotomy: 26 patients with primary anastomosis and 7 with colostomy. Overall mortality rate was 9.5%. Three late deaths occurred in the DCL group, and only one death was associated with an anastomotic leak. Conclusions: Performing a DA in DCI during DCL is a reliable and feasible approach as long as severe acidosis, bowel wall edema, and/or persistent intra-abdominal infections are not present.
P rimary repair of penetrating colon injuries is considered a safe procedure in the majority of patients, and in some cases, even safer and less morbid than a colostomy. To date, strong evidence supports the use of primary repair in patients sustaining this type of injury. A meta-analysis carried out by Nelson and Singer 1 and published in the Cochrane Database of Systematic Reviews summarizes a comparison of the outcomes of primary repair with those of fecal diversion. This study, which included five randomized controlled trials and more than 700 patients, significantly favored primary repair as the treatment of choice for penetrating colon injuries, as it was associated with a significant reduction in morbidity, a similar mortality rate, and a decrease in procedure-related costs.
More recently, however, with the wide spread use of damage control laparotomy (DCL) in the treatment of patients with destructive colon injury (DCI), defined as a lesion that involves destruction or ischemia of more than 50% of the colon's circumference and therefore requires resection of the affected colon segment, the surgeon often contemplates whether to perform delayed anastomosis (DA) or perform a diverting colostomy. In this instance, once the patient has been stabilized and the risk of developing hypothermia, acidosis, or coagulopathy has been controlled, during a subsequent relaparotomy, usually after approximately 48 hours to 72 hours, the decision of whether to perform a DA or a colostomy can be made. Both approaches are supported by the scientific literature. For example, war-related publications favor performing a colostomy, but reports on civilian trauma support performing a DA. [2] [3] [4] [5] [6] [7] Unfortunately, at present there are no standardized guidelines to aid the surgeon in this decision-making process. The aim of this study was to assess the safety of performing a DA during DCL in patients with DCI.
PATIENTS AND METHODS

Study Design
We conducted a retrospective review of data obtained from the institutional prospective registry (DAMACON2) supplemented with information from medical charts of patients who underwent DCL or standard laparotomy for DCI due to penetrating abdominal trauma between January 2003 and December 2009. The study protocol was approved by the Institutional Ethics Committee on Biomedical Research of the Fundación Valle del Lili (Cali, Colombia).
Selection Criteria
Adults cases were included if the patients had been admitted to the Department of Surgery and Critical Care due to DCI secondary to penetrating abdominal trauma and underwent DCL with DA or standard laparotomy with either primary repair or colostomy.
Patient Data
Variables recorded in the appropriate case report forms included demographic data, severity scoring systems (namely, the Revised Trauma Score, Injury Severity Score, Abdominal Trauma Index, and Acute Physiology and Chronic Health II), type of surgical procedure, surgical outcome, surgical complications (such as suture line leak, abdominal wall fasciitis, and intra-abdominal abscesses), number of laparotomies, time to anastomosis, assessment and monitoring of metabolic acidosis, estimated blood loss, transfusion of blood or blood products, wound packing, and length of Intensive Care Unit (ICU) and hospital stay. Finally, overall mortality and colonrelated mortality were estimated.
Surgical Management Protocol
In our institution, a protocol of damage control for trauma patients has been established. At the time of the index or initial laparotomy, DCL involving control of bleeding with packing is performed if the patients presents with hypothermia (defined as temperature Ͻ35°C), base deficit ϾϪ8 mmol/L, hemoperitoneum Ͼ1,500 cm 3 , and New Injury Severity Score (NISS) Ͼ35.
The patients underwent immediate DCL, which involved control of bleeding with packing. To prevent contamination, the affected colon segment was resected and the proximal and distal colonic ends were temporarily left in discontinuity. The abdominal wall was closed using the vacuum-pack technique. Patients were transferred to the ICU for mechanical ventilation and hemodynamic monitoring. Planned relaparotomies were performed until control of postoperative bleeding and contamination had been achieved. Once the "triad of death" (i.e., acidosis, hypothermia, and coagulopathy) had been controlled, intra-abdominal packing was removed, definitive repair of vascular injuries was performed, and delayed colonic anastomosis was carried out. For DAs, either a side-to-side closure using a GIA-80 linear stapler or a continuous single-layer Vicryl 3-0 suture was used; preferably during the first or second relaparotomy (within 48 hours to 72 hours of the index abdominal surgery).
If the patient showed persistent metabolic acidosis, intraabdominal infections that could not be effectively treated in subsequent relaparotomies, or a severe bowel wall edema that prevented the anastomosis from being performed during the first or second relaparotomy, a colostomy was carried out. Definitive closure of the abdominal wall was performed once the risk of contamination and infection had been controlled, and once bowel wall edema had receded. In cases where a definitive closure of the fascia could not be performed, the skin was closed with an interrupted Prolene 2-0 suture.
In patients with penetrating wounds and DCI who underwent standard laparotomy with closure of the fascia during the index laparotomy, resection of the affected segment of the colon and primary anastomosis was performed using the technique described earlier. In patients with rectosigmoid lesions, a colostomy was performed without a priori attempt of primary repair or DA. All patients were followed up until they were discharged from hospital.
Statistical Analysis
Data were collected in a web-based platform ( 
RESULTS
During a 7-year period, 133 patients with penetrating abdominal trauma were admitted to the hospital. Of these patients, 63 with DCI were included in the study. Of the 63 patients, three were excluded from data analysis because they died within 48 hours of the trauma. Overall, 60 patients who required colonic resection due to DCI were included in the analysis. Of them, 57 had sustained gunshot wounds and three had sustained stab wounds. Twenty-seven patients were treated with DCL and 33 were treated with standard (conventional) laparatomy (Fig. 1 ).
Baseline Patient Characteristics
Mean age was 31.4 years Ϯ 11.3 years, and 90% were men. Patients with the greatest systemic involvement and more severe injuries, as shown by data from severity scoring systems, physiologic parameters during the first 24 hours, and need for blood products and amount of blood lost during the index laparotomy, underwent DCL. Bowel anastomosis using autosuture staples was performed in 77% of patients in the 
Index Surgery
Twenty-five of the 27 patients (92.6%) underwent DCL with packing to control bleeding. In addition to surgical repair of major vascular injuries, liver and retroperitoneal packing was performed in 50% and 70% of patients, respectively. To control the risk of contamination, the destructive injuries were resected and the bowel was left in discontinuity. This was performed in all patients undergoing DCL during the initial surgery.
No primary anastomoses were carried out during the index laparotomy. Of the 27 patients in whom DCL was performed, 24 (88.8%) underwent DA, and three (11.1%) required a colostomy due to impossibility to perform an anastomosis because they had persistent intra-abdominal infections with severe colonic wall edema and inflammation, and acidosis. DCL with DA was ultimately performed in 22 of 27 (81.4%) patients (Fig. 2) .
A median of four relaparotomies (range, 3-4) per patient were performed every 24 hours to 48 hours until definitive repairs were made to control bleeding, carry out abdominal cavity lavage to prevent contamination and infection, perform DAs, control bowel and abdominal wall edema, and close the abdominal wall.
DAs were performed after a mean of 67 hours Ϯ 12.2 hours (range, 48 -72 hours), corresponding either to the first (60.8% of procedures) or second (39.1% of procedures) relaparotomies. Of the procedures, 9 (37.5%) were colocolonic and 15 (62.5%) were ileocolonic anastomoses. In 77% of cases, the technique used was the side-to-side closure with a GIA-80 linear stapler or with a hand-sewn single-layer continuous Vicryl 3-0 suture if the stapler was not available or it was technically difficult to use. In all patients who underwent DCL, the open abdominal wound was temporarily closed using the vacuum-pack technique. Definitive and complete closure of the fascia was performed in 12 (45%) patients, and skin closure alone was performed in another 12 (45%) patients.
Standard laparotomy was performed in 33 patients with DCI. Of those, 24 patients underwent primary anastomosis during the index laparotomy, of which 12 (50%) were colo- colonic and 12 (50%) were ileocolonic anastomosis. A colostomy was performed in 7 of 33 patients, due to a destructive injury of the rectosigmoid in five patients and previous colostomy performed at an outside hospital before arriving to our trauma center in two patients (Tables 1 and 2 , Fig. 3 ).
Complications
Two (7.7%) patients developed anastomotic leaks; one patient developed anastomotic leak in the right colon and the other patient developed the anastomotic leak in the left colon. The splenic flexure was not compromised in these patients. In addition, these two patients developed pancreatic complications, consisting of a pancreatic abscess in one patient, and a severe posttraumatic pancreatitis in the other.
Sixteen (54.2%) patients developed intra-abdominal abscesses associated with a positive culture and inflammatory response. These patients required a relaparotomy to control the infection. Three (12.5%) patients developed fasciitis of the abdominal that required debridement and antibiotic therapy. The three patients in whom a colostomy was performed developed persistent intra-abdominal abscesses with severe colonic wall edema and inflammation, and acidosis (Tables 3 and 4 ).
In the group of patients who underwent standard laparotomy, one (3.8%) patient developed an anastomotic leak that required a colostomy. Twelve (46.2%) patients devel- (Tables 3 and 4) .
Mortality
Overall mortality was 9.5% (6 of 63 patients). Three patients died within 48 hours of the trauma as a consequence of coagulopathy. These three patients were excluded from statistical analyses. Three late deaths occurred in the group of patients who underwent DCL, two of them unrelated to the colon injury, and one colon-related death secondary to a severe posttraumatic pancreatitis, followed by delayed anastomotic leakage with multiple intra-abdominal abscesses, erosion of the aorta, and massive bleeding.
DISCUSSION
The results of this study demonstrate that performing a DA during DCL in patients with DCI requiring resection is a feasible approach, without the occurrence of more complications than those observed with conventional laparotomy and primary anastomosis and/or standard colostomy. The success rate obtained in the DCL plus DA group was 81.5%.
Over the last 60 years, clinical practice in the treatment of most civilian DCIs shifted from mandatory colostomy to primary anastomosis during standard laparotomy. 8, 9 However, in the setting of extensive damage associated with vascular and visceral involvement, the surgical outcome depends on the trauma surgeon's prompt decision to implement damage control strategies. Control of hemorrhage is achieved either with packing of the bleeding site or involved organ, or using common vascular repair techniques such as ligations, temporary diversions, and balloon tamponade catheters. 10 -12 Hollow-organ injury after penetrating trauma is temporarily managed with suture ligation, staples, or simple suturing of the proximal and distal ends of the organ, whereas anastomoses, reconstructions, and ostomies are deferred. The procedure is considered complete once bleeding and contamination have been controlled. Definitive repairs and reconstructions are performed later during a planned staged surgery. [3] [4] [5] However, little information is available on colonic reconstruction with DA, and a significant amount of controversy about the use of this procedure persists. In the case of war-related injuries, the literature reports colostomy as the safest option. 2, 6, 7 Small bowel or colonic perforations are repaired using a continuous single-layer suture. If the bowel requires resection and anastomosis, it must not be performed at that point. Instead, a temporary procedure involving resection of the affected segment, followed by ligation of the proximal and distal ends must be done thus leaving the bowel in discontinuity. This approach facilitates control of leakage of intestinal contents without prolonging surgical times or adding physiologic stress. Furthermore, the use of this technique avoids the need for a formal resection and reconstruction with end-to end anastomosis, which requires even longer surgical times. In addition, the integrity of the anastomosis is threatened by the tissue hypoperfusion and hemodynamic instability is typically seen in these patients sustaining DCI. Even though management of the colon by means of a colostomy can be a relatively quick procedure, it is not considered a good option because during reanimation, the already edematous abdominal wall can swell even more, and the intestinal loop that was used to create the stoma might become necrotic due to lack of blood supply. In addition, it could substantially prolong surgical time. Ligating or stapling the colon is a much more viable, practical, and uncomplicated solution than performing any type of ostomy or anastomosis. [3] [4] [5] Recent literature reports a small series of patients on whom DA was performed in the setting of DCI. In 2001, Johnson et al. 3 successfully performed DA in seven patients after damage control surgery. In 2007, Miller et al. 5 published research on the first series of patients to undergo colonic resection and DA after the index DCL. Kashuk et al. 4 report that primary repair of colon injuries after DCL seems to be a safe procedure in most patients, and that an open abdomen allows time to decide whether to perform a colostomy or not at a later procedure. Burlew et al. 13 recently reported a multi-institutional experience on 204 patients. In this series, they had a total of 96 patients undergoing DA. They found that the majority of patients with leaks had a DA. The leak rate increased with fascial closure beyond day 5 and with left-sided colonic anastomoses.
According to Weinberg et al., 7 colon injuries in the setting of DCL are associated with a high complication rate and increased incidence of leakage. Cho et al. 2 suggest that colostomy is a safer alternative for the treatment of warrelated colon injuries in the setting of damage control. Vertrees et al. 6 conclude that a DA during damage control surgery is feasible once the patient stabilizes.
We believe that a DA should be performed in all patients with DCI undergoing DCL, but is not recommended in patients with recurrent intra-abdominal abscesses, severe bowel wall edema and inflammation, or persistent metabolic acidosis. In these patients, a colostomy should be performed.
Complications and Mortality
Anastomotic leak is a serious and challenging complication. In our study, this complication occurred in two patients in the DCL group, and in one patient in the standard laparotomy group. The splenic flexure was not compromised in these patients and therefore we were not able to associate the occurrence of injuries in the splenic flexure with anastomotic leaks, as it has been described by other authors. 14 Of note, the two patients in the DCL group who developed anastomotic leaks had concomitant pancreatic injury and developed complications secondary to this lesion; one patient developed a pancreatic abscess and the other a severe posttraumatic pancreatitis.
Intra-abdominal abscesses occurred in a large number of patients, with a similar distribution in all three groups. This complication developed as a consequence of the initial trauma and contamination, and not from the surgical technique used in the DA, primary anastomosis, or colostomy. Moreover, abscesses did not have an effect on mortality, as the infection was effectively controlled with peritoneal cavity lavage and open abdomen in subsequent relaparotomies in the group of DCL patients, 15 and with relaparotomy on demand, or computer tomography-guided puncture in the group of standard laparotomy patients. Fasciitis of the abdominal wall occurred in a similar number of patients in the three treatment groups and was controlled with thorough debridement and antibiotic therapy. Two late deaths secondary to sepsis and multisystem organ failure (not related to the colon injury) occurred in the DCL group. One colon-related death occurred in the DCL group. The patient developed a severe posttraumatic pancreatitis followed by a delayed anastomotic leakage with multiple intraabdominal abscesses, which eroded the aorta and produced massive bleeding, ultimately leading to his death. Although no colon-related deaths were documented in the group of patients who underwent standard laparotomy, no significant differences were observed among treatment groups.
Study Limitations
The current practice regarding surgical treatment of patients with DCI is conditioned by the surgeons' preferences and expertise. Bias selection resulting from the fact that the patients' management was based on individual surgeon opinion cannot be completely ruled out. Because of the retrospective nature of this review, differences in management could not be determined. Also, it is possible that other differences might have occurred in addition to that of the surgical procedure.
Patients who underwent DCL were significantly more severely injured than patients who underwent SL. In addition, patients in the DCL group lost more blood during surgery and required more packed red blood cells and more days of hospitalization than patients in the SL groups. Therefore, the internal validity of this study relied on the fact that patients in the damage control group were seemingly sicker as defined by some of the initial severity scores, physiologic parameters, needs of transfusions, surgical parameters, and days of hospitalization than patients in the standard laparotomy group. Despite that, the complication and mortality rates were not significantly different.
Generalizability might be a concern in this study. Characteristics of our population may vary the incidence of the disease, mortality, and morbidity outcomes that we have evaluated. Applicability of the DCL with DA in our critically ill patients with DCIs might be valid and feasible. Nevertheless, reproducibility and validation of this data will be required in patients from other populations.
CONCLUSIONS
DA during DCL in patients with DCI is a reliable and feasible technique, yielding a success rate of 81.4%, which could be considered as an option in patients with DCI, except in those presenting with recurrent intra-abdominal abscesses, severe bowel wall edema and inflammation, or persistent metabolic acidosis.
But just how meaningful are those parameters when a damage control laparotomy has already been done? And in fact is the standard laparotomy group the best comparison?
I have several other questions. When performing a delayed anastomosis in patients who had a damage control laparotomy, did you alter your technique at all, such as protecting the anastomosis by wrapping it with a omentum?
Second, did you notice a failure rate associated with a particular colon segment, especially those in the splenic flexure or the so-called watershed area? Even though your two failures had patients with pancreatitis, the colonic segment and the blood supply could make a big difference.
And, Number 3, your reported mortality for these patients is high, as expected, but based on the results of your study what changes have you implemented in your protocol for managing these patients?
I congratulate the authors on a fine study and am very grateful to them for encouraging all of us to reexamine how we treat patients with destructive colon wounds.
I also believe that their study will add valuable data as trauma centers update their practice management guidelines for these challenging injuries.
Dr. William Slate Wilson (Portland, Oregon): Slate Wilson, Portland, Oregon. We are still seeing a large number of leaks and the authors report a 20 percent leak or 19 percent leak. I think this may be too high.
And I would suggest that a study be done on this, a multi-center study. And the reason I suggest that is I think and I suspect that as long as the SIRS response is going on the liver is not making things that it needs to make to promote healing.
I think that we ought to study this thing more scientifically because I think the leak rate is far too high, at least in our institution. Well, we are training residents, you know, but that's still I think way too high.
And it might be well for us to have some real scientific criterion which would guide us in the timing of anastomosis.
Dr. George Velmahos (Boston, Massachusetts): About five years ago Dr. Demetriades in a multi-institutional study including the largest sample size to date assembled, if I remember well, more than 200 or 300 patients with so-called destructive colon injuries requiring colectomy.
And he showed there, including univariate and multivariate analysis, that primary anastomosis was no worse than colostomy. You are obviously the masters of penetrating trauma and we're looking up to you to learn how to manage colon injuries.
I wonder what prompted you to do delayed primary closure? Did you have bad results with immediate primary closure?
And did you participate in that multi-center study? I thought you did. Were you disappointed by its results?
Dr. Carlos Ordoñ ez (Cali, Colombia): Dr Rozycki, thank you for your helpful questions and comments. Once it is performed, the anastomosis must be hidden in the abdominal cavity and protected with the abdominal wall, the small bowel, and the omentum if they are still available. In following relaparotomies, we direct the residents not to touch or even look at the anastomosis, unless there is evidence of leakage.
We did not notice any association between complications and the anatomic site of the colonic anastomosis.
We have learned not to perform anastomosis in patients with severe pancreatic injuries and associated pancreatitis, marked bowel wall edema of the colon, severe acidosis, and persistent peritonitis. One of the patients who died had a ruptured aorta from the pancreatic injury and associated pancreatitis.
We now routinely perform delayed anastomosis in all patients submitted to DCL and prefer to do the anastomosis as early as possible during the subsequent laparotomies.
Dr Wilson, there were 27 patients who required damage control laparotomy and underwent the protocol with delayed strategies and underwent the protocol with delayed anastomosis. There were 3 patients (11.1%) who had persistent intra-abdominal abscess, pancreatic injuries, bowel wall edema, and severe acidosis and it was technically impossible to restore the normal enteric transit and ended in diversion, prior the intention to perform the anastomosis. There were 2 patients (7.4%) in whom a delayed anastomosis was performed that presented leaks and ended in diversion. That's why we reported a success rate of 81.4% in the group of damage control plus delayed anastomosis.
Dr Velmahos, thank you for your helpful questions and encouraging comments. Patients submitted to damage control strategies might present hypothermia, acidosis, and hypovolemic shock. In these patients, there is a high risk of failure when performing a primary anastomosis. This same patient may look remarkably better after 48 to 72 hours in the ICU, compared to the time of initial damage control laparotomy. With better physiologic parameters, we can proced to a delayed anastomosis.
I was not disappointed by the results of the AAST prospective multicenter study that compared primary anastomosis with diversion after penetrating colon injury. We still believe that in patients with hemodynamic stability and good physiologic parameters that do not require DCL should undergo primary anastomosis; otherwise, a damage control strategy with delayed anastomosis could be the best option to offer.
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